This chapter presents an overview of the measured properties of the Higgs boson discovered in 2012 by the ATLAS and CMS collaborations at the CERN LHC. Searches for deviations from the properties predicted by the standard theory are also summarised. The present status corresponds to the combined analysis of the full Run 1 data sets of collisions collected at centre-of-mass energies of 7 and 8 TeV.
Introduction
The discovery of a Higgs boson at the LHC 1-3 and the subsequent measurements of its properties have yielded no significant deviations from the standard theory expectations.
This brings the status of the theoretical cornerstone of elementary particle physics from a model to a complete -renormalisable -theory, that seems to be self-consistent to energy scales that can reach the Planck scale. 4 Large efforts are being poured into direct searches that may point to how the standard theory may be supplemented in order to account for observed phenomena for which it makes no prediction, such as dark matter or neutrino masses.
On the other hand, precision measurements of the Higgs boson properties may reveal indirect evidence for physical phenomena beyond the standard theory. The measurement of the Higgs boson mass constrains a fundamental parameter in the standard theory and the 0.2% precision of the present measurement allows to test the internal consistency of the standard theory, against existing measurements of the W boson and top quark masses, for instance. Furthermore, the standard theory predicts all other properties of the Higgs boson once its mass is specified. Consequently, such a precise measurement of its mass sets the stage for more precise searches for deviations from the standard theory predictions in other Higgs boson properties.
Overview of Analyses Used
The ATLAS and CMS collaborations have designed and built the two largest and general-purpose detectors at the LHC. 5, 6 Although their design requirements were similar because of the similar physics goals, the technologies used to fulfil those requirements are very different in all aspects, ranging from the geometry of the detectors to the offline software frameworks used. 7 From 2010 to 2013, during the LHC Run 1, there were proton-proton collisions at centre-of-mass energies of 7 TeV and 8 TeV. The integrated luminosity available for analysis in each experiment was about 5/fb at 7 TeV and 20/fb at 8 TeV.
The combination of Higgs boson searches and measurements [8] [9] [10] [11] [12] [13] [14] is based on a large number of analyses. Depending on the combinations being performed and properties being probed, different channels and analyses are used. Table 1 provides a schematic overview of which Higgs boson production and decay modes enter in the various combinations.
The Higgs boson searches that lead to the discovery of the Higgs boson 1-3 were dominated by the gluon fusion production process and the H → γγ, H → ZZ ( * ) → llll, and H → W W ( * ) → lνlν decay modes. Dedicated searches for other production and decay modes, as listed in Table 1 , were also included and improved the overall expected sensitivity.
The combined measurement of the Higgs boson mass is based on the two channels where a narrow mass resonance can be observed: H → γγ and H → ZZ ( * ) → llll. The differential measurements of kinematic production properties in the H → γγ, H → ZZ ( * ) → llll and H → W W ( * ) → lνlν channels are mainly based on events produced via gluon fusion and vector-boson fusion (VBF). The measurements of kinematic decay properties for spin and parity hypothesis tests in the H → γγ, H → ZZ ( * ) → llll, and H → W W ( * ) → lνlν channels aim to be independent of the production modes. As the selection criteria used are rather inclusive, the gluon fusion process dominates within the standard model (SM). Finally, the combined measurements of signal and coupling strengths make use of almost all channels analysed by the ATLAS and CMS collaboration for the 125 GeV Higgs boson, which cover almost all combinations of Higgs boson production and decay modes accessible at the LHC.
Rare decays
In addition to the Higgs boson decay modes summarised in Table 1 44 and H → V γ 44, 45 with V = J/ψ, Υ. Even with small expected branching fractions in the SM, effects beyond the SM (BSM) could result in enhanced branching fractions and thus an observable signal. However, no signal from these decay modes was found with the Run 1 dataset, and 95% confidence level (CL) upper limits on the signal Table 1 . Overview of where different Higgs boson production and decay modes enter into the different Higgs combinations. The "5σ" dark grey triangles indicate channels for which dedicated searches were used in the discovery of the Higgs boson. [1] [2] [3] The "m H " light grey triangles indicate channels contributing to the mass measurement. [8] [9] [10] The "J" and "J CP " grey triangles indicate channels contributing to spin and CP hypothesis tests using kinematic decay properties. [11] [12] [13] The "
dσ dx " dark grey triangles indicate channels where differential measurements of kinematic production properties were performed. [15] [16] [17] [18] [19] [20] [21] The black check marks indicate channels entering the combined signal and coupling strength measurements. 14 These channels are documented in the references given in the 
, were reported by the ATLAS and CMS experiments.
The most notable limit is that on the H → µµ decay with the observed (expected) limits µ < 7.4 (6.5) and µ < 7.0 (7.2) for CMS and ATLAS, respectively. For H → ee, CMS also finds an upper limit for µ of about 3.7 × 10 5 . Generationuniversal couplings of the Higgs boson to leptons would imply a striking signal strength of µ ∼ 280 for H → µµ and µ > 10 6 for H → ee. Universal couplings to leptons are therefore strongly excluded, something that is in contrast with the observed decays of the W and Z bosons. Also of interest is the H → Zγ decay that is loop-induced in the SM and could be enhanced by the presence of (virtual) BSM particles. The observed (expected) limits from ATLAS and CMS are µ < 11 (9) and µ < 9.5 (10), respectively.
BSM decays
The ATLAS and CMS experiments have also performed direct searches for some BSM Higgs boson decay modes. Higgs boson decays to weakly interacting particles (invisible particles), that leave no signature in the detector, are not expected in the SM beyond a per-mille level contribution from H → ZZ ( * ) → 4ν decays. Decays to invisible particles can be experimentally detected using events featuring large missing transverse momentum. Both experiments searched for such invisible decays in the VBF, W H, and ZH production modes. 46, 47 The observed (expected) 95% CL limits on an invisible branching fraction BR inv. are <0.28 (0.31) and <0. 58 (0.44) , in ATLAS and CMS, respectively. In the future, analyses using boosted gluon-fusion topologies, where a single jet is detected, will increase the overall sensitivity to invisible decays.
Decays of the Higgs boson into lepton-flavour-violating final states are also not expected in the SM. ATLAS and CMS searched for the H → τµ and H → τe decay, and both reported small excesses in H → τµ with respect to the background expectations. For a 125 GeV Higgs boson, 95% CL observed (expected) limits on BR(H → τµ) was set to be <1.51% (0.75%) and <1.43% (1.01%) by CMS and ATLAS, respectively. 48, 49 For a 125 GeV Higgs boson, the 95% CL observed (expected) limit on BR(H → τe) was set to be <1.04% (1.21%) by ATLAS. 
Measurements

Mass
The mass of the Higgs boson, m H , is a parameter of the standard theory that plays an important role in the stability of the electroweak vacuum, or lack thereof.
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Given the precision electroweak data 50 and the standard theory structure, 51 m H can be determined indirectly to be 93 +25 −21 GeV. 52 The large uncertainty reflects the fact that m H enters (at one loop) only in logarithmic corrections, reducing the ability for the electroweak precision data to constrain it. A precise measurement of m H is fundamental in testing the compatibility of the observed properties of the Higgs boson with those predicted by the standard theory, since the standard theory can make precise predictions for all the Higgs boson properties for a given value of m H .
For all these reasons, it is not surprising that the first combined Higgs result of the ATLAS and CMS collaborations was a measurement of m H , resulting in a determination with a precision of 0.2%.
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The decay channels used in measuring the Higgs boson mass were H → γγ and H → ZZ ( * ) → llll. In both these final states it is possible to perform a precise measurement of all particles in the decay, leading to an expected relative mass resolution for the Higgs boson between 1 and 2%. [22] [23] [24] [25] [26] [27] [28] [29] 34, 35 An excellent experimental resolution can also be achieved from the measurement of the H → µµ decay, once there is enough data to observe that decay.
40,41
The precision of the m H measurement in the H → γγ decay channel essentially depends on the precision in the measurement of the energy of each photon and of the angle between the two photons. Here, the complementarity of the ATLAS and CMS detectors shines: given their different design, the electromagnetic (EM) calorimeters of ATLAS and CMS have different strengths. For instance, the ATLAS EM calorimeter is able to reconstruct the direction of the EM shower and therefore have a precise measurement of the diphoton opening angle, 22 while the CMS EM calorimeter is homogeneous, allowing for a better precision on the individual photon energy measurement. 53, 54 Overall, the precision achieved by both experiments is comparable, the differences providing robustness to the combined measurement.
In the H → ZZ ( * ) → llll decay channel, the precision depends on the flavour of the leptons, with the H → ZZ ( * ) → µµµµ final state providing the most precise measurements.
In both ATLAS and CMS, the energy scale is calibrated against the Z → ll "standard candle". In the H → ZZ ( * ) → llll decay channel, there are also crosscheck measurements performed using the Z → llll final state, where one lepton pair is the result of QED radiation. In the H → γγ decay channel, the energy scale is set from the study of Z → ee decays. In this case, some "electron-tophoton" extrapolation is involved, since the two particles are differently affected, for instance, by discrepancies between the simulated and actual material in front of the EM calorimeters. The mass measurements in the H → ZZ ( * ) → llll and H → γγ final states are performed using observables that are not necessarily the same used in the analyses targeting the measurement of yields or cross-sections. For instance, for the measurement of m H the ATLAS H → γγ analysis categorises events so as to minimise the experimental systematic uncertainties, and the CMS H → ZZ ( * ) → llll analysis uses an event-by-event estimator of the mass resolution. The results of the four individual analysis are shown in the top part of Fig. 1 .
In order to reduce the dependence of the measurement on standard theory assumptions, which is used to model the expected yields in each event category, three separate signal strength modifiers are floated simultaneously. The factors separately scale gluon-fusion and ttH in H → γγ, VBF and V H in H → γγ, and the overall H → ZZ ( * ) → llll signal. Figure 1 also shows the result of the combined analysis of ATLAS and CMS data for the two decay channels. The fully-combined measurement yields m H = 125.09±0.21 (stat)±0.11 (syst) GeV. The breakdown of the systematic uncertainty yields ±0.11 (scale) ± 0.02 (other) ± 0.01 (theory) GeV. This shows that the largest contribution to the systematic uncertainty is due to the uncertainty on the energy or momentum scales, all other contributions being negligible in comparison.
The compatibility between the four individual measurements with the combined one was estimated from a fit with four separate masses. The asymptotic p-value is found to be 10%, changing to 7% if the production rates are also decorrelated between ATLAS and CMS.
It is worth noting that less precise measurements from other decay channels, such as H → W W ( * ) 26, 27 or H → ττ, 29 are in agreement with the determination from H → γγ and H → ZZ ( * ) → llll, within their uncertainties, which are comparably larger.
Finally, given how the statistical uncertainty is about twice the systematic uncertainty, the existing results on the Higgs boson mass allow to confidently say that the LHC Run 2 has the potential to reduce the total uncertainty by a significant factor.
Total width
For m H ∼ 125 GeV the SM Higgs boson is predicted to be narrow, with a total width Γ SM ∼ 4 MeV. From the study of off-shell Higgs boson production and decay into the ZZ → 4 and V V → 2 2ν final states, ATLAS 55 and CMS 56 have set an indirect observed (expected) 95% CL limit on the total width in the range of Γ tot /Γ SM < 4.5-7.5 (6.5-11.2) for ATLAS, and Γ tot < 13 (26) MeV for CMS. While that result is about two orders of magnitude better than the experimental mass resolution, it relies on assumptions about the underlying theory, such as the absence of contributions to Higgs boson off-shell production from BSM particles. In contrast, a direct limit does not rely on such assumptions and is only limited by the experimental resolution.
The best experimental mass resolution, achieved in the H → γγ and H → ZZ ( * ) → llll analyses, is typically between 1 and 3 GeV. The resolution depends on the energy, rapidity, and azimuthal angle of the decay products, and on the flavour of the leptons in the case of H → ZZ ( * ) → llll decays. If found inconsistent with the expected detector resolution, the total width measured in data could suggest the production of a resonance with a larger intrinsic width or the presence of two quasi-degenerate states.
To perform a measurement of the total width, the signal models in the H → γγ and H → ZZ ( * ) → llll analyses are modified to allow for a natural width using the relativistic Breit-Wigner distribution, as described in Refs. 8, 25 and 23. For the H → γγ channel the observed (expected) upper limit at the 95% CL is 2.4 (3.1) GeV for CMS 9 and 5.0 (6.2) GeV for ATLAS. 8 In the H → ZZ ( * ) → llll channel the observed (expected) upper limit at the 95% CL is 3.4 (2.8) GeV for CMS 9 and 2.6 (6.2) GeV for ATLAS. 8 For the combination of the two CMS analyses, the observed (expected) upper limit at the 95% CL is 1.7 (2.3) GeV.
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From the study of the flight distance in H → ZZ ( * ) → llll decays, CMS set a 95% CL observed (expected) lower limit on the total width of Γ tot > 3.5×10 −9 (3.6× 
Differential and fiducial cross-sections
The very clean final state signatures of the H → γγ and H → ZZ ( * ) → llll decays do not only allow to measure the mass and width of the Higgs boson, but also allow rather model-independent differential measurements of the Higgs boson production kinematic properties. These include the transverse momentum and rapidity of the Higgs boson, and the associated number of jets as well as the transverse momentum distribution of the jets. Comparisons between the measured production properties and predictions for different Higgs boson production modes can be used to draw conclusions about QCD aspects of Higgs boson production and possible contributions from BSM physics in Higgs boson production.
Both experiments measured the production properties in the two decay channels both as inclusive as well as differential fiducial cross sections. 15, 16, 18, 19 ATLAS also combined the H → γγ and H → ZZ ( * ) → llll channels in a common fiducial volume. 17 Measurements using the H → W W ( * ) decay channel were also performed 20, 21 but not considered in the following examples. As examples of the observables considered, the measurements of the Higgs boson transverse momentum p T (H) and the number of jets N jets associated with the Higgs boson are shown in Fig. 2 . The measurements are shown together with predictions from the most accurate theory calculations at the time. For ATLAS, the combination of the cross-section-normalised distributions for p T (H) and N jets are shown, 
syst. unc. 
syst. unc. as this combination is independent of assumptions on the Higgs boson branching fractions. For CMS, the p H T distribution is shown separately for the H → γγ and H → ZZ ( * ) → llll channels. Within the SM, the gg → H production mode dominates and these measurements are especially sensitive to the intricate QCD aspects of this process. However, some sensitivity to the VBF production is also reached in the high p T and N jets = 2 part of the phase space, where dedicated measurements for VBF-related observables were done in the H → γγ analyses. 15, 18 With increasing luminosity, the sensitivity to other production modes can be expected to increase.
The overall agreement of the observed distributions and the SM predictions is good within the current uncertainties of the measurements and of the theory predictions. The most noticeable difference with respect to the SM predictions is in the lowest-p H T bins in ATLAS analyses and the CMS H → ZZ ( * ) → llll channel, where the theory seems to predict larger yields than observed. This is not visible in the p H T distribution of the CMS H → γγ analysis. Besides statistical fluctuations, QCD effects unaccounted for in theory calculations could contribute a deviation. BSM modifications of Higgs boson production are mostly expected to appear in the high p T and high jet multiplicity part of the phase space, where the agreement with the SM predictions is good within the uncertainties.
The analyses also include model-independent measurements of cross sections in fiducial volumes as well as comparisons with SM theory predictions within the corresponding fiducial regions. Examples are shown in Fig. 3 
Searches for Deviations
Measurements of the Higgs boson properties that are almost model independent are so far only possible in the cleanest Higgs boson channels, H → γγ and H → ZZ ( * ) → llll, as discussed in the previous section. The analyses in the H → W W ( * ) → lνlν, H → ττ and H → bb channels retain some dependence on the SM, as this is needed for a good separation from background processes. Studies of Higgs boson properties involving these channels are therefore better understood as searches for deviations from the SM.
These searches for deviations in Higgs boson properties from the SM can be broadly grouped in two categories of comparisons to the SM predictions:
(1) Higgs boson signal yields in different Higgs boson production and decay modes or alternative comparisons of the Higgs boson coupling strength to the SM expectation. These comparisons assume for each Higgs boson production and decay mode the kinematic structure of the SM. (2) Kinematic (tensor) structure of Higgs boson decays. While these analyses are designed to be independent of the observed signal yield, they assume production kinematics similar to the SM in some cases.
As the latter justifies -to some degree -the assumptions of the former, the following discussion will start with the kinematic structure of Higgs boson decays.
Compatibility in decay kinematics
The SM predicts a spin-0 Higgs boson with quantum numbers J CP = 0 ++ . This results in characteristic kinematic distributions for Higgs boson decay products and kinematic correlations between them, which can be used to search for deviations from the SM. As the SM Higgs boson has spin 0, in the SM no kinematic correlations are expected between production and decay. ATLAS 11,12 and CMS 13 have used the H → γγ, H → ZZ ( * ) → llll, and H → W W ( * ) → lνlν decay channels to search for such deviations from the SM by testing several non-SM hypotheses of spin and parity J P . This allows to determine J CP assuming that either C or CP is conserved. In addition, non-SM effective Lagrangian operators or non-SM anomalous coupling contributions were explored in the case of a spin-0 Higgs boson.
Hypothesis tests on the spin of the new boson
Hypothesis tests for pure J P = 0 − , 1 + , and 1 − states were performed in the H → ZZ ( * ) → llll and H → W W ( * ) → lνlν channels by analysing kinematic decay properties. The inclusive H → γγ channel is not sensitive to the parity for a spin-0 particle since the two photons decay back-to-back in the rest frame of the Higgs boson and yield no additional information. The observation of the H → γγ final state excludes a single spin-1 boson as a consequence of the Landau-Yang theorem. 60, 61 Hypothesis tests for a new spin-2 boson were performed for a large number of models using the H → ZZ ( * ) → llll, H → W W ( * ) → lνlν and H → γγ channels. For spin-2 hypotheses, the angular correlations between the production and the decay of the new boson can also be exploited, as is done in the H → γγ channel by measuring the θ * angle between the production and decay system.
In order to be less dependent on the implementations of concrete BSM models in excluding J P states, the overall observed signal yields were floated in the hypothesis tests. Consequently, the information on total predicted yield is not used. This is especially motivated in spin-2 models with universal couplings that predict branching fractions otherwise not compatible with the observed signal yields in different final states. This also ensures that conclusions drawn from these studies are valid when deviations from the SM in the Higgs boson signal and coupling strengths are allowed.
For the combined spin hypothesis tests 12,13 using the three channels, the bestmotivated spin-2 model corresponding to a massive graviton-like particle (2 + m ) is taken here as a spin-2 example, even if many others were tested. Table 2 shows that all tested J P states are excluded with CL s values
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1% when compared with the SM hypothesis, J P = 0 + . A model-independent test of all spin-2 structures may eventually become possible with more data. States with a spin larger than 2 were not considered by either experiment, and are even more challenging to motivate for an elementary particle.
Kinematic decay structure of a J = 0 boson
Deviations from the SM predictions in kinematic distributions for a scalar boson (with spin 0) can be analysed within different frameworks as extensively discussed in Ref. 63 . Among the frameworks, the effective Lagrangian and anomalous coupling approaches are the most common. On the one hand, the most general effective Lagrangian compatible with Lorentz and gauge invariance can be used as a basis for calculations. On the other hand, in the anomalous coupling approach, the most general amplitude compatible with Lorentz and gauge invariance is introduced. As the latter does not assume a hierarchy in scales, the couplings become momentumdependent form factors. However, no common and agreed-upon approach exists and also the notations differ substantially. ATLAS 12 used an effective Lagrangian approach, but provides results also in an anomalous coupling formulation. CMS 
where v is the SM Higgs field vacuum expectation value, V µ represents the V boson field, contribute to these last six terms due to higher-order corrections, but at a very small rate. The Lagrangian in Eq. (1) allows for both CP-even and CP-odd tensor structures in addition to the SM gauge boson interactions. Within the effective Lagrangian calculations, a non-vanishing value of the parameters α V , β V , and γ V leads to changes of the kinematic distributions as well as the overall signal yields, with respect to the SM. The SM tensor structure is scaled by κ V , which modifies the SM signal yields, and correspond to the κ W and κ Z scalar coupling rescaling factors defined for Higgs boson couplings measurements, as discussed in Section 4.3.
As done in the J P hypothesis tests, the overall observed signal yields are not used in the analysis for the discrimination from the SM. This not only simplifies the analysis, but also allows for a more general interpretation of the results. This implies that only ratios of Lagrangian parameters are probed. The ratios are chosen to be The allowed 95% CL confidence intervals for these ratios are listed in Table 3 for the combined H → ZZ ( * ) → llll and H → W W ( * ) → lνlν analyses of the full LHC Run 1 data. In all cases, very small non-vanishing values for the α/κ, β/κ, and γ/κ ratios are also expected in the SM from higher-order loop contributions, but the sensitivity was not sufficient to be probe such contributions.
The structure of the HV V vertex can also be probed using the VBF and V H production modes. The analyses in Refs. 64 and 65 search directly for anomalous CP-odd tensor structures in addition to the SM gauge boson interactions. In Ref. 66 the differential cross section measurements described in Section 3.3 are used to probe for non-SM CP-even and CP-odd contributions in Higgs boson production modes.
Compatibility in signal yields
The signal yields for Higgs boson production and decay processes can be measured from experimental analyses optimised for each of the 25 combinations of five production processes and five decay modes briefly illustrated in Table 1 . While the selection of the Higgs boson final state decay products allows for a rather clean experimental separation of decay modes, the separation of Higgs boson production modes poses a bigger challenge. In many cases, several Higgs boson production processes are expected to contribute to the different experimental analysis categories. Different Higgs boson production processes can still be separated, if the same acceptance as for the SM processes (within uncertainties) is assumed for each production process and decay mode. This is equivalent to assuming, for each process, the kinematic distributions predicted by the SM. A combined fit can then estimate the contributions from individual production and decay processes from the observed signal yields in different experimental analysis categories with different compositions.
The most general result in this context would be a measurement of all 25 cross section combinations σ i × BR f for the production process i and decay mode f listed in Table 1 . Such a measurement is not yet possible in full generality, but 20 combinations were determined, with varying precision, from a combined analysis of ATLAS and CMS data, 14 as illustrated in Fig. 4 . Among the missing combinations are some that could not be meaningfully constrained with the combined ATLAS and CMS Run 1 datasets for lack of statistics.
On the other hand, if it is assumed that all signals originate from a single narrow Higgs boson resonance, one can exploit the fact that different rows and columns in Table 1 and Fig. 4 share either common ratios of production cross sections σ i or common ratios of branching fractions BR f . This then allows to choose a reference cross section, such as σ ggF × BR ZZ for the gg → H → ZZ process, and eight ratios, one for each of the other Higgs boson production and decay modes. Figure 5 shows the result for the ATLAS and CMS measurements, 14 and their combination. The results are compared to the SM theory predictions. 63 The most notable differences with respect to the SM are σ ttH /σ ggF , which is about 3.0σ above the SM expectation, and BR bb /BR ZZ , which is about 2.5σ below the SM expectation. The p-value of the observed data under the SM hypothesis is 16%. More sensitive, but less general, tests of the SM hypothesis are possible if additional assumptions are introduced. For instance, if the signal strength in a decay mode f , defined as µ
, is assumed to be identical for all vectorboson-mediated Higgs production modes (µ Figure 6 shows the results of the combined analysis of ATLAS and CMS, which agree, within uncertainties, with the SM hypothesis for each decay mode studied. (thsig) . This shows that the statistical uncertainty for this test is already at the same level of the systematic uncertainty from theory calculations of the signal (thsig) and background (thbgd), as well as experimental sources of uncertainty (expt). Therefore, improvements in the theory systematic uncertainties will be needed for LHC Run 2, where substantially more data are expected than in Run 1, entailing even smaller statistical uncertainties.
The search for a second, mass-degenerate, state was also performed via a statistical test of the structure of the matrix of the different production and decay mode signal strengths. 67 The result from the combined analysis of the ATLAS and CMS datasets is compatible with SM prediction of a single particle.
Compatibility in couplings
In the previous section, the production and decay processes of this Higgs boson were treated as independent. Given that the couplings of the Higgs boson to SM particles are involved both in its production as well as in its decay, a framework was proposed for the simultaneous interpretation of all the information. 63, 68 In this framework, the coupling of the Higgs boson with each of the SM particles is scaled by a multiplicative factor κ i . These factors represent the ratios of production cross sections and partial decay width to the SM expectation:
The fundamental assumptions underlying this framework are that there is one single state with J P = 0 + and a very narrow width, such that production and decay factorise,
In this framework, the loop-induced gluon and photon couplings to the Higgs boson can either be resolved into the SM amplitudes or treated as effective couplings. This allows to search for the effect of new particles "running" in the loops. As an example, the H → γγ decay modifier can be expressed in a "resolved" way as κ
, where the (destructive) interference between the loops mediated by W bosons and top quarks can be seen. The effect of this structure can be clearly seen in Fig. 7 that shows the confidence regions allowed by each decay channel for two parameters, κ V = κ W = κ Z and κ F = κ b = κ t = κ τ . The interference effects in the tHq [69] [70] [71] [72] and gg → ZH 71,73 subdominant production processes lead to the observations in some individual decays channels to prefer very slightly the κ V κ F < 0 BSM scenario over the κ V κ F > 0 SM-like region (largest deviation is 1.3σ). But because of the interference effect in the H → γγ decay, the combination of all channels excludes the κ V κ F < 0 BSM scenario by almost 5σ. The results for a general fit with one scaling factor per SM particle as well as the gluon and photon interactions treated with an effective scaling parameter are shown in Fig. 8 . In this figure, the two different sets of results correspond to different assumptions on the treatment of the total width.
The lighter points in Fig. 8 correspond to the case when the total width is a dependent function of all the other κ i that scale the corresponding partial widths:
. From the result of the fit to data, it can be seen that having separate gluon and top-quark modifiers reveals an excess, due to the results in ttH searches. The p-value for the data under the SM hypothesis in this model is 11%.
The assumption on the total width can be relaxed by allowing for the possibility of decays to invisible or undetected particles, whose branching fraction is denoted BR BSM . In this case, the total width scales as
In this scenario, an additional constraint is assumed, namely κ V ≤ 1, something that is well-motivated in a large class of BSM models. The results of this fit are represented by the black points in Fig. 8 , and yield a 95% CL observed (expected) upper limit BR BSM < 0.34 (0.35).
Without assumptions on either the total width or the allowed range of any coupling only ratios λ ij = κ i /κ j of coupling modifiers can be determined. This is similar to what was done in the measurement of ratios of cross sections and ratios of branching fractions in the previous section. In addition to the λ ij ratios, also one overall scale factor that modifies the rate of all processes by the same amount Parameter value The results of this fit are shown in Fig. 9 . All other determinations of coupling modifiers can be derived from these results, provided the correct correlations are taken into account.
Assuming the SM structure for the loop amplitudes and no BSM Higgs decays, deviations from the expected tree-level couplings to the SM particles can be probed. In this case the gluon and photon coupling modifiers become functions of the other κ i and the top coupling deviation is mostly probed by the gluon-fusion cross section measurement. The result is presented as a function of the mass of the SM particles in Fig. 10 , where it can be seen that it is very likely that the Higgs boson has nonuniversal interactions, or else the muon coupling modifier would have been measured to be much larger than observed.
Other results of the tests include the relative strength of the couplings to W and Z bosons, λ W Z = 0.88 
Summary
The data collected during the LHC Run 1 have allowed both ATLAS and CMS to characterise the observed Higgs boson with a mass of m H = 125.09 ± 0.21 (stat) ± 0.11 (syst) GeV with enough detail to rule out many non-standard alternatives. Measurements and searches for deviation from the SM in the Higgs boson signal yields, in the Higgs boson couplings as well as in Higgs boson production and decay differential distributions provided results consistent with the SM. These results have also brought intense discussion between the theory and experiment communities, demonstrating the importance of more accurate predictions.
With more data, the LHC experiments will improve on the detailed characterisation of the properties of this Higgs boson. While the ultimate goal remains to find a deviation from the standard theory predictions, every measurement along the way will be a tribute to the resilience of the standard theory.
